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This article gives oaloulatlons for the attenuation of an ware in a 
rectangular war ©guide, obtained by observing the repeated reflections of a trans- 
verse we fro* the valla of the wegiide. It above that wee of type and 
H oli cannot be bonaidered ae * particular case of a we of type vith a, a* 0. 

As ve know, It is possible to propagate, in a rectangular waveguide vhloh is 
not filled vith an insulator and which has LJfally conducting walls (Jigure a), a 
"we of th* H 10 type, haring a frequency *jrf and characterised by rectangular 
ooaponents ®ith the following amplitudes £ 1 J 

Sin (*. x j, £* = H y = Oj 

H x= = Y J £r s '"(£y)> ( 1 ) 

($■)*=&)* a “IT’ 

where ( maximum we length for a giren ware glide). 

According to Brlllouln £"2j 9 this we can be considered as a result of 
ncltlpl* reflections from the walls of the waregilde (x*0, x*%) of the purely 
transverse ware, meeting these walls at an angle of 

CpatQrccesA ( 2 ) 
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The formation pf rauch a :: f x t 1l ILIlv. rated in Figure b, where a trans- 
verse ware with a maximum area of S«=b * CD eaters tic waveguide at the left* 

Th© rectangular components of this ware in the waveguide hare the follow- 
ing amplitudes: 

C-/ , L L ir U ' 2: JL , jj' / JL) x 

2 .ker' H x~ Z «■ Z(« 7 


and the di root ion of propagation, before and after reflection from the walls. 
Is characteri 2 .©d by the following equations 


' *!■»*. ein <p 


r-^*z sic ^9 x bos j 


It la easily seen that magnetic components are generated and giro a 
resulting tmaoreree component with an amplitude; 

/^*= Hx (4) 

Xn real waveguides, the electrical conductivity of w&llr Is quite large 
but still finite* Ifte initial absorption (of a wave), in connection with this, 
is usually characterized by the coefficient of attenuation 

$-*-£$/’ (5) 

where P represents the average losses cf power in the walls per unit of axial 
length of the waveguide, and V represents the average rate of energy flow In 
the waveguide, computed without considering attenuation. 

I* is usually determined by approxi oat ions (/~1_7 ft od Z*3_7) sometimes 

require cumbersome calculations . Hot without Interest is the method of determining 
P through representation of the repeatedly reflected waves. 

It follows from Figure b, that the number of reflections experienced by a 
purely transverse wave from both walls of width b while moving one oentlmeter aloi g 
the axis of the waveguide equals 

\l=±cotf. ( 6 ) 

The coefficient of reflection of the amplitude for a wave with th© electrical 
vector perpendicular to the plane of the incidence equals ([ J> p fO) 

P— . ( 7) 

where ^ is the angle of refract inn, determined by the expression 

17^ ■* 71 jK * 

Here a represents the principal index of refraction and k the coefficient of 
absorption of the reflecting surface. They are determined by the well-known 
equations of Prude {£k m j, p 7*0. 

Since In the case of metals, in the presence of microwaves the displacement 
current Is negligible, i.e., In comparison with the conducting current, the 
following approximate expressions are accurate enougi for our purposes: 
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where is expressed in eleotromagcelio units. Introducing for the sake of 
abbreviation the value A - } obtain after simple computations: 
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*cos<p v Vf +4d'i 

Taking into dona id oration the strong inequality (8), let us obtain a simpler 
expression, accurate up to the tern ri~ 2 : 


A= /- , 


}/?(=/ 

where A represents a very small magnitude. 


Therefore the average loesee in the walls of width b are determined as 
follows: 




(9) 


v To determine losoea in valla of width a, it is necessary to consider that 
at point 5 with coordinate x (Figure b ) the phase difference between the x- 
ooapcaeats of the interfering transverse wares equals 




and therefore the square of the amplitude of the resulting s-oooponents equals 

The x-coap*>n©nt is similarly derived: 

V“S— V? HTt^-z-Y 3, (%)*"[!— cts$ ]• 

The square of the amplitude of the resulting field at the surface of the 
vail is determined obviously by the expression: 

XT-«S - Hi ■ 


This value can be used for computing the losses according to the method of 
surfhoe effect (£“ , p 104). Let as obtain the average losses in the strip 
(a x 1) cm?: 


*.-^-£V5T f ■ 


(10) 


The value of the average rate of energy flow entering the waveguide io 
determined by the following expression: 


w„-» ( E P‘ *• CD = * ¥ 4 


( 11 ) 


Taking into consideration (5), (9) and (10), ve determine the coefficient 
of attestation of wave H^q in the waveguide as follows: 

* a fk±£* « t + £ 
nt' 2 w„ *bsi»f (l2) 

Introducing the quantities (where f represents the limiting 

frequency for a given waveguide) and f (specific resistance expressed in practical 
units) va cbtain 
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uhloh correspond. vlth values determined tUrough other methods (/~5_7> equation 
21.26 and / equation 6.146 K 

It is necessary to point out that, if the coefficient of attenuation 
for wave ie calculated according to the uxethod of surface effect and if then 
it i® determined for a ~ 1, n « 0, then the coefficient of attenuation (3*iQ 
determined through this jaefchod will differ from (15) by the absence of digit 
2 In the first' term (JYJ, equation 10, 3 -3 ) • * 

A similar error occurs in determining the average current W^q from current 
^»n oration 10.1.5); this value is found to be twice as small as the 

real value. 

The reason for these differences ie that integration with respect to y 
in the case of a wave introduces the factor b and in the caBe of wave, 
when the square of the sine of cosine is integrated, it lut reduces the raotor 
b/2. 

"fherefore^ the degenerate wavecannot be regarded as the Umiting case of 
the wave; of course, this observation le correct also in the case of the 
wave. 

In conclusion, let us point out that this concept of the repeatedly reflecting 
transverse ware ratafees it possible to solve in a simple equation the problem of the 
xtfdd change of phase in the reflection of a wave from an ideal conductor, in the 
exp laaail oo of whl e h the &u th or was ori gl as lly vagu q 

Actually, from Figure b' it follows that the transmission of energy by the 
purely transverse save (velocity o) along path 2BD is equivalent to the transfer 
of energy along the axis of th** wave guide for a distance h (with a group 
velocity u). In this oeac. obviously, 4 t follows that 


l*: estimating phase velocity v, ~hioh according to (lh) must exceed o, it 
Is neoessavy to consi der that a change of phase of a H 10 linre ) occurring in 
sector h, corresponds to, a change of phase of the transverse wave in sector 2BD 
slJ & the rapid change of phase in eflection, giving an additional increment to the 
Coax’S e amounting to ;fc half of a wave length, so that the equivalent course 
covered by a transverse wave la equal to 

/ S c2.B£)±2. a a-&- nt— • 
x t-os<p~ x 

Therefore, the following ratio results s 

which can be less than one only when se loot inn the lower sign of tfc ; under this 
condition the oorreot ratio is obtained (£“l J , p 69). 


Consequently, in the process under consideration, It must be assumed that 
in reflections from metal the wave loss occurs. 
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